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Executive Summary 
 
The executive summary of this study is shown in the following; 
 
Chapter 1 
 
 Aogashima Volcanic Island (AVI) is an active volcano at the southern edge of 
the Izu Islands Chain.  It is located 360km south of Tokyo.  AVI is in the shape of an 
ellipse with an area of 5.23 km2, and the total length of the coastline is about 9 km.  The 
most recent volcanic disaster occurred from 1780 to 1785 in the Edo period.  It caused 
villagers to be evacuated from AVI to neighboring Hachijo Island for 50 years.  Even 
now, if volcanic eruption occurs, the residents of AVI should be evacuated.  Therefore, it 
is important to know the predictive information of the volcanic eruption for villagers to 
escape from the island. 
 As AVI's geological structure, Tsuya(1937), Isshiki(1955), Tokyo Disaster 
Prevention Council(1990) and Takada et al.(1992) had already studied, to know the 
geological structure of AVI.  Especially, Tokyo Disaster Prevention Council (1990) 
pointed out the heat anomaly is remarkable in AVI and it mentioned the possibilities of 
eruption in the future.  Moreover, According to Nishi et al. (1998), the temperature 
anomalies or spontaneous potential anomalies need the heat water supply from 
underground.  In this situation, it is useful to detect the heat source and to consider the 
heat providing mechanism from the source to the shallow zone. 
To know the deeper geological structure, the author applied the three component 
geomagnetic survey to detect the heat source and to detect the weak zone of the 
geological structure. 
 
 
Chapter 2 
 
The geology of Aogahima is studied by Takada et al.(1992).  Following their study, the 
sequence of volcanic activity is summarized as follows:  
 
1) The growth of Kurosaki volcano (Kv) in the north-western area of AVI 
2) The construction of the main edifice of the Main Stratocone (Ms), which is 
defined as the old Aogashima stratocone before caldera formation in the south 
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eastern area. 
3) The fissure eruptions of aphyric basalts(AB) on the north western flank 
4) A surge activity [Ojiroike surge deposits(OS)] at about 3,000 y.B.P. 
5) The eruptions of Kintagaura lavas (KL) filling the south-eastern basin, and 
airfalls on the east and north flanks at about 3,000 - 2,400 y.B.P. 
6) The occurrence of a debris avalanche [Nagashizaka debris avalanche deposits 
(ND)] associated with the formation of the Ikenosawa caldera. 
7) Tenmei (A.D.1781-1785) eruption:   
i) Small ash eruptions occurred in 1781 and in 1783 
ii) The Tenmei eruption began with an explosive scoria effusion associated 
with cone building [Maruyama pyroclastic cone (Tp)] 
iii) In 1785, ash fall continued intermittently for more than one month. Finally, 
the Ikenosawa caldera was filled with lava flows [Tenmei lavas (TL)]. 
 
Figure 1 shows the typical geological section of AVI. 
 
Figure.1  The typical geological section of AVI. 
Tokyo Disaster Prevention Council(1990) 
 
 
Chapter 3 
 
 Magnetic surveys conducted for the purpose of mapping subsurface geological 
structures have been largely confined to measurements of the intensity of total 
geomagnetic field (TIA).  Since the anomaly field caused by magnetized bodies is 
normally much smaller than the earth's main geomagnetic field, TIA is assumed to hold 
Laplace’s equation.  In addition, it has been conventionally assumed that TIA is the 
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same as the projected total intensity anomaly vector (PTA) for analyses of TIA.  
 However the effect of the intrinsic error ε?=TIA-PTA on the analysis results 
has not been taken into account.  To avoid such an effect, the magnetic anomaly 
vectors were measured to obtain reliable analysis result for AVI magnetization. 
 A helicopter-borne vector aeromagnetic survey was carried out over AVI on 
December 6, 2006.  The survey was flown with GPS (Global Positioning System) at 
mean altitudes of about 100, 300, and 600 m along N-S flight lines spaced 300m apart. 
The magnetic sensor was three components fluxgate type, KEI-9320S, Bartington 
Instruments Ltd. with a sampling rate of 5 Hz and a resolution of 0.1 nT.  The 
magnetometer’s attitude was measured by a Ring Laser Gyrocompass (RLG), 
JIMS-200R-C1, Japan Avitation Electronics Industry Ltd., which measured roll, pitch, 
and yaw with resolution of 0.001 degrees.  The latitude, longitude and altitude were 
measured by the GPS with p-code measurement with 1-2 m accuracy. 
 The author assumed the magnetization distribution underground.  And the 
result shows the following matters; 
1) The low magnetization intensity area is found in the third and fourth layer in the 
southwest off AVI.  Low magnetization area is located at about 3-4 km depth, and 
at 2-4km east, 4-6km north from origin point.  
2) In the shallow layer, three high magnetization intensity areas are found at the west 
sides from the center line.  One is the north area of AVI, in the location which is in 
gentle slope.  The second is at the west side of Maruyama.  And the third is in 
the end of the south in AVI.  
 
 
Chapter 4  
 
 The fumarolic activity is located the north-western side in Ikenosama Caldera.  
In this area, the high potential of Spontaneous potential is found.  This fact indicates 
the heat groundwater or volcanic gas, convects upward.  In the geological 
reconnaissance, the old eruption of AVI in gentle slope in north area of AVI was found. 
 
 
Chapter 5 
 
 The fumarolic activity is located the north-western side in Ikenosama Caldera.  
According to Nishi el al. (1998), the heat source is expected underground of Aogashma.  
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Therefore, the author supposed the low magnetic intensity area is high temperature area. 
 According to Takada et al. (1992), the basalt that is widely found in AVI 
changed to the andesite in Tenmei volcanic activity.  Namely, the magma's behavior 
was changed because it melted crust while staying temporary at shallow area.  The 
temporary reservoir was called “Magma pocket" in this paper.  The high temperature 
area, which was mentioned before, it has the possibility of the magnetic pocket.  And it 
would be influenced by magma activity based on this idea (Figure-2). 
 The high magnetization intensity area of the top layer lines along the long axis 
of AVI.  In the high magnetization in gentle slope, in the north area of AVI, the old 
volcanic eruption was found by geological reconnaissance.  The high magnetization at 
the south end of AVI corresponds with Kintagaura Lavas.  The high magnetization at 
the west of Maruyama has possibility of the vent at Tenmei eruption, which was not 
clear so far. 
 The author interpreted the line of high magnetization areas is the weak zone of 
AVI.  The magma came up along this weak zone.  After the magma cooled down, the 
magnetization became high, and this zone is low permeable area.  Meanwhile, 
fumarolic active area near Maruyama is the middle range magnetization area.  And it is 
along the weak zone.  Therefore, it would be higher permeable area than the high 
magnetization area.  The author interpreted of this characteristic area. 
 
 
Figure-2 The low magnetization of the study area 
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Line3 13? 300m ?10km 600m 
 
????????? 3.5??
??????????????
? 3 ? ? ? ? ?
(KEI-9320S,Bartington 
Instruments Ltd) ??????
??????????????
(JIMS-200R-C1, ??????
????)?????????
?????????GPS????
??????????????
?? 
?????????????
??????????????
??????????????
????????????????????????3.6????????
??????????????? 
 
? 3.5 ?????? 
磁力計: 3 成分フラックスゲート型磁力計,  解像度 
0.1nT  
      サンプリング：５Hz Yaw,Roll,Pitch の測定: 
0.001 degrees  リングレーザージャイロ 
位置測定: ~2m (GPS：XY Z座標) 
??? ??????????? GPS 
 
????????????? 
???????????????? 
 
-18- 
??????????139.74E?32.39N???? 
 
 
?3.6 3??????????? 
 
3?????????????????????????????
?????????????????????????????
???????????????????????????? 
 
 
3.3.2 ????? 
 
??????????????????? 
? Ring Laser Gyroscope?RLG??????????????DTCM???
 
????????????? 
???????????????? 
 
-19- 
???????????????X??????????Y??????
????Z??????????????? 
 
?????0?0?0?????DTCM????????????X,Y,Z???
???? F??????X????????Y??????????Z??
????????????????,?,??????????????
?????H??Hh,Hs,Hv??????????F???,?,????
?????????H????????? 
????????????????RPY?R:roll, P:pitch, Y:Yaw ???
????????RPY??????Y->R->P????????? 
????????RPY???????????RPY???????? 
?RPY???????Y???P???R???????? 
 
X=cos?cos?*Hh-(sin?cos?+cos? in?sin?)*Hs+(sin?sin?+ cos
?sin?cos?)*Hv      (5) 
Y=sin?cos?*Hh+(cos? ?+ sin?sin?sin?)*Hs+(-cos?sin?+ 
sin?sin?cos?)*Hv      (6) 
Z=-sin?*Hh+cos?sin?*Hs+cos?cos?*Hv   (7) 
 
 
???? 
 
 
? IGRF?? 
 
?????????IGRF?????????????????????
????????????????????????????????
????????????????????????????????
??????????????????????IGRF?????????
??????????????????? 
 
? ????????? 
 
???????????????????????????????
??????? 40m???????????????????????
???????Isezaki?1986???????????????????
 
????????????? 
???????????????? 
 
-20- 
???? 
?????????????? 
 
X = B(1,1)*P + B(1,2)*Q + B(1,3)*R + B(1,4)   (8) 
Y = B(2,1)*P + B(2,2)*Q + B(2,3)*R + B(2,4)   (9) 
Z = B(3,1)*P + B(3,2)*Q + B(3,3)*R + B(3,4)    (10) 
 
 
P????????Q????R??????????P,Q,Z????
?????????????X,Y,Z??IGRF???????? 
???B?1,4??B?2?4??B?3?4? ?????????????
??????? 
 
YAW -> PITCH -> ROLL?????xi,yi,zi???? 
P = xi*cg*cp +yi*sg*cp - zi*sp     (11) 
Q = xi*(-sg*cr+cg*sp*sr) + yi*(cg*cr+sg*sp*sr) + zi*cp* r (12) 
Z = xi*(sg*sr+cg*sp*cr) + yi*(-cg*sr+sg*sp*cr) + zi*cp*cr (13) 
 
???????B(i,j)??????????DTCM?????????
???????????B(i,i)???????????? 0?????
????????????10???????????????????
?????? 
 
? 50m?????????? 
 
?????50m????????????????????????
????????????????????????????????
?????????????Pelto et al. 1986? 
 
? ???????? 
 
???????0???????????????????????
????????????????????????????????? 
???????????????????????????????
A0(x,y,z)????x,y,z?????????Dl?????????A1-6
???????????????  
 
????????????? 
???????????????? 
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   (14) 
????Dl?????????????? 
     (15) 
?????????????? 
      (16) 
???????????????????????????????
????? 
??????????????? 300m?????????????
????????????????????????????????
????????????????????????????????
???????? 
????????3??????????????????????
?????????????????????????3??????
???????????(?3.7??3.8??)? 
 
????????????? 
???????????????? 
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?3.7 ????????????????????????? 
1)??????50?????????????(?3.7?X) 
2?????????????????????????????????
??????(Pelto et al 1986)? 
3)???????????????????????????????? 
4)????????????????????? 
1)?3)???????????????????????????????
?????????? 
 
 
 
 
?3.8 ???????? 
1)?2)?3)???????3.8???????3.8????X? 
2) 
3) 
4) 
? ? 
2) 
3) 
4) 
4) 
? ? 
 
????????????? 
???????????????? 
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?3.9???550m???????????????? 
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????????????? 
???????????????? 
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 ?????????????????????????????????
???????????????????????????3??????
????????????????????????????????? 
 
 
3.3.3 ???? 
 
????????????????????????????????4
?????????????300??700??1,000??1000???????
?????? 200??200????????????? 32.39?N???
139.74?E????4??????????1,426?(43(???)x31??????
??????4??????mx,my,mz???????????17,112(46 x 
31 x 4? x 3??)???????????????20,766???????
??? 
 
???????????????????? 
X = å ×+×+×
i
mziCimyiBimxiAi )(       (17)
??? X ???????????????????i??????????
Ai,Bi,Ci ?? shape factors ( Bhattacharyya, 1964)?mx,my,mz????
??????????????????????????? 
Y ?Z?????????????mx?my?mz??????????? 
 
 
3.3.4 ??????????? 
 
????????????????3.3???????????????
??????????????????????????????????
3.10??3.13???????????????? 
 
?3.3 ????????????? 
 ? ? ??? 
?1? 9.95 A/m 7.14 A/m 7.14 A/m 
?2? 9.95 A/m 7.14 A/m 7.14 A/m 
?3? 9.95 A/m 7.14 A/m 7.14 A/m
?4? 9.95 A/m 7.14 A/m 7.14 A/m 
 
????????????? 
???????????????? 
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?????????????????????????????????
?????????????????????????????400m?400m
??????????????????? 400?????????????
???? 
 
?3.10???3.13??????1??2??????????????
??????????????????????????????????
????????????????????????????????2.2?
??????? 
 
?3???4??????? 
? ??? 5km???? 9km????????????????????
??????????? 
? ??????? 2km???? 4km??????????? 2????
??????? 
 
?????????????????????????????????
????????????????????4?????????????
???????????????????2.3??????? 
 
 
 
????????????? 
???????????????? 
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?3.10 ??????? ?1? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
?3.11 ??????? ?2? 
 
? 1? ???? ????????????? 
? 2? ????????????????? 
? 1? ????????????????? 
? 2? ????????????????? 
1 2 3 4 5 6
2
3
4
5
6
7
8
9
10
11
1 2 3 4 5 6
2
3
4
5
6
7
8
9
10
11
6
6.2
6.4
6.6
6.8
7
7.2
7.4
7.6
7.8
8
8.2
8.4
8.6
8.8
9
9.2
9.4
9.6
1 2 3 4 5 6
2
3
4
5
6
7
8
9
10
11
1 2 3 4 5 6
2
3
4
5
6
7
8
9
10
11
6
6.2
6.4
6.6
6.8
7
7.2
7.4
7.6
7.8
8
8.2
8.4
8.6
8.8
9
9.2
9.4
9.6
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?3.13 ??????? ?4? 
? 3? ???? ????????????? ? 3? ????????????????? 
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 3.4 ???? 
 
?????????????????????????????????
(1988)??????(1989)??????????????????????
?14A/m???????7A/m ??????3.4????????????
??? 
 
?3.4  ????? 
 ??(m) mx my mz 
?1? 300m 10.0 -0.5 10.0 
?2? 700m 4.0 -0.5 10.0 
?3? 1000m 3.0 -0.5 3.0 
?4? 1000m 3.0 -0.5 3.0 
 
????????????????3.14???? 
200
250
300
350
400
0 20 40 60 80
Iteration
St
an
da
rd
 de
via
tio
n (
nT
) Northward
Eastward
Downward
 
?3.14 ???????????? 
  
 ?3.14???????70?????????????????????
?????????????????????????????????20
???????????????????????70??????????
???? 
???????????X,0.938? Y,0.941?Z,0.963???????? 
Okuma el al.(2006)????????????????????????
 
????????????? 
???????????????? 
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??????????????Goodness-of-fit ratio?(r) (Blakely, 1995, 
p224) ?????????????? 
?Goodness-of-fit ratio??????(18)????????? 
 
å
å
=
=
-
= n
i
n
i
GiFi
Fi
r
1
1          (18) 
 
????G??????????????? F???????? 
????????X?2.51?Y?3.45?Z?2.93??????????
Okuma et al.(2006)?1.6-2.1????????????????????
??????????????????????????3.4??????
???????Goodness-of-fit ratio???3.4????????????
??????? 
 
?3.4 ????????????? 
?????? X Y Z 
?????? 202.1 202.2 20.7 
???? 0.938 0.0941 0.963 
Godness of fitratio 2.51 3.45 2.93 
 
 
? 3.15?????????????????????? 2.2km? 3.4km
????????????2.2km????????3.4km????????
????????????????????? 3.15??????????
???X?Y?Z???????????????????????????
??????? 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???? 
???????????????????????????mx???my?
???mz??????? 
 
? 3.16?????????????????????????????
 
????????????? 
???????????????? 
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??????????????????????????????????
?300m ?????3???1.0km?2.0km???????????????
2????300m?1.0km???4????2km?3km????????????
?????2.4?????? 
 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????1A/m???????????????? 
 
?3.16??????????????????????????? 
?????????????????????????5.0km?4.6km??
?3???4?????????????????????1.0km????
???? 
??????????????????????????????2.4km?
3.2km????????3???4??????????????????
1.0km????????????? 
 
 ?3.17???????????????????mx?my?mz????
??????????????????????????????????
??????????????1???????????????????
??????????????????????????????????
????????????????????? 
 
 
 
????????????? 
???????????????? 
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?3.16  ???????????????? 
 
????????????? 
???????????????? 
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?1? 0-0.3km ?2? 0.3km-1.0km 
  
?3? 1.0-2.0km ?4? 
 
?3.17 ??????? 
 
 
A/m 
 
????????????? 
???????????????? 
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??? ???? 
 
4.1 ?? 
 
 ?????????????????????????????????
??????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
?????????????????????????4.1??????
??????????????????????????????????
???????????????????????4.2??4.3?????
 
 
  
???????????? 
????? ???????? 
? 4.1 ????? 
???????
???????
? 
?? 4.1,? 4.2? 
 
????????????? 
???????????????? 
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??????????????????????????????????
??????????????????????????????????
????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  ??????????????????(1990)????????????
?????????????????4.1???????????????
  
  
?4.2 ????????????????? 
 
?4.3 ???????????
??????????????
???????????? 
 
????????????? 
???????????????? 
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???????????????? 
?????????????????????99????????????
????????????????????0.4?0.5??????????
????????R-??????????????????????????
??????????????????????????????????
???????????????????????????????????
??????????????????????????????? 
 
 
?4.1 ?????????? 
 
?? H2O 
H2O???????
??? 
R??????V?? 
???? ????? 
? V% H2S CO2 R He H2 N2 CH4 Ar 
?????? 1988.11.08 99.5 99.2 0.4 98.6 1.0  0.049 6.00  88.7  4.60  0.66  
?????? 1988.11.08 99.6 98.7 0.4 95.9 3.7  0.032 0.50  97.4  2.00  0.05  
??? 1988.11.09 92.7 99 0.5 99.5 - - 0.86  98.2  0.93  0.05  
 
 
4.2 ?? 
 
9?24,25,26???????????????????????????
??????????????98???????????????1m??
??????????????????????????????????
????????????????????50cm?100cm????????
??? 
 
?4.4??????????????????????????????
??70?????30?????????????????20?25????
??????????????????????????????????
?70??????????? 
 
 
 
 
 
 
????????????? 
???????????????? 
 
-37- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
?4.4  50cm?????????????????? 
 
????????????????????????????????
???????????????????????????????
???????? 
 
????????????? 
???????????????? 
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4.3 ???? 
 
??????????????????????????????4.5?
??????????????????????????????????
???????? 
?????????????????????????????????
???????????????????????0.5m?????????
??????????????????????????????? 
??(1998)????????????????????????????
?????????????????????????????????
???????4.5????????????? 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????1992?? 
 
????????????? 
???????????????? 
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?????1/5000????????? 
 
 
 
 
?4.5 ???????? 
?? 30mV????? 
?? 10mV < SP  <=30mV 
?? -10mV < SP  <= 10mV 
?? -30mV < SP  <= -10mV 
?? -30mV ?? 
 
????????????? 
???????????????? 
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4.4 ?????????? 
 
?????????????????????????????????
??????????????????????????????????? 
??????????????4.6????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 4.6 ????? 
 
??????????????????????????????????????
????? 
 
 
 
????????????? 
???????????????? 
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4.5 ???????? 
 
?4.7??????????????????????????????
??????????????????????????????????
???????????????????????????????????
??????????????????????????????????
???????????????????? 
?????????????????????????????????
??????????????????????????????????
??????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? ???? 
?? 30mV????? 
?? 10mV < SP  <=30mV 
?? -10mV < SP  <= 10mV
?? -30mV < SP  <= -10mV 
?? -30mV ?? 
 
?????? 
?    80??? 
???  60??? 
??   40??? 
?    20??? 
??   20????? 
? 4.7 ????? 50c????? 
??? 
??????? 
????? 
??? 
 
????????????? 
???????????????? 
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??? ?? 
 
5.1 ??????? 
 
?????????????????????? 1km?2km??????
?????1998???????????????????????????
??????????????????????????????????
???????????????????????????0??????
??????????????????????????????????
?? 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????????????????????????? 
 
 
?5.1  ??????????????????? 
 
 
???????? 
????? 
??? 
???? 3.0km ????? ?D?? 
????? 
 
????????????? 
???????????????? 
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5 2 ??????? 
 
Takada et al.(1992)???????????????????????
???????????????????????????????? 
?5.2??????????????????????????????
??????????????????????????????????
???????????????????????????????????
Takada et al????????????????????????????
????????5.2?? 
??(1998)????????????????????????????
???????????????????????????????????
??????????????????????????????????
?? 
 
?5.2???????????????????5.0km????????
?????????????? Hotta(1970)??????????????
??????????????5.2??????????????????
??????? 
?????????????????????? 600m????????
??5.0km?????????????????????????????
???3.0km?????????????????????????1-2km
??????????????????????????????????
????? 
 
??????????1998?????????????????????
??????????????????????????????????
??????????????200??????????????????
??????????????????????????????????
??????????????????????????????????
???????????? 
???????????????????3km????????????
???1.8km3??????? 
 
 
????????????? 
???????????????? 
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マ
グ
マ
の
経
路
ステージ黒崎火山 主成層火山主部 無斑晶玄武岩類 尾白池サージ堆積物
金太ヶ浦溶岩／
休戸郷降下堆積
物
流坂岩屑なだれ
堆積物 天明の噴火
年代 3,000年前 3,000-2,400年前 1781-1785年
規模
（km3） > 0.3 >2 <0.1 0.55 0.08
Si02
wt(%) 51-62 49-安山岩 51-53 49-57 49-63 61-62 
?5.2 ???????????? (Takada et al. 1992) 
 
 
5.3 ??????????????? 
 
? 5.3???? 300m???????????????????????
????4????????????????????????? 
 
????????????????? 
? ???????????????????????????????
??????????? 
? ???????????????????????????????
?????????????????????????? 1990?? 
? ????????????????????????????? 
? ???????????????????????????????
??? 
? ???????????????????????????????
???????????????????????????? 
 
?????????????????????????? 
 
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
 
????????????? 
???????????????? 
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??????????????????(??)?????????????
?? 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????????????????? 
 
????????1990???????????????????????
??????????????????????????????????
????????(1980)???????(1990)?????????????
???????????????????????????????????
????????????????????????????????????
??????????????????????????????????
????????????????????????????????????
4.7????????????????????????????????
????????????????????????????????? 
 
?????????????????????????????????
???????????????????????????????? 200
??????????????????????????????????
???????? 
 
 5.1?5.2 ????????????????????????????
?????????????? 1.0?2.0km??????????????
??????????????????????????????????
??????????????????????????????????
???????????????? 
 
?????????????????????????????????
???????????(???)???????????????????
??????????????????????????????????
???????????????????????????????? 
?????????????????????????????????
???(???)????????????????????? 
 
 
????????????? 
???????????????? 
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?5.2 ??0-0.3km???????? 
 
?????????????????????????????????
??????????????????????????????????
????????? 
 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????? 
?????????????????????????????????
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????????
??????? 
????? 
???????? 
?????? 
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??????????????????????????????????
??????????????????????????????????
?????????? 
 
 ??????????????2???GPS?????????????
??????? 
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??? ???? 
 
???????????????????????km?????????
??1A/m ????????????????????? 
 
???????????????(1998)???????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??km????????????????????????????? 
???Takada et al.(1992?????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?? 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????????? 
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????? 
 
????????108???????????????????????
???????????????????????3??3???????
??????????????????????????????????
??????????????????????????????????
???????????????????????????? 
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 ?????????????????????????????????
?????? ????????? ?????????????????
??????????????????????????????????
??????? 
 
 ???????????????????? 3????????????
???????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??? 
 
 ???????????????3?????????????????
?????????????????????????????????????
???? ?????????????????????????????
??????????????????? 
 
 ???????????????????????????????????
??????????GPS???????????????????????
??????????????????????????????????
????????????????????????????? 
 
 ?????????????????????????????????
??????????????????????????????????
??????????? 
 
 ?????????????????????????????????
?????????????????????????????????
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